Introduction
The spleen is a large lymphoid intra{abdominal organ. It is involved in immunological response, removal of particulate matter and aged or defective blood cells from the circulation. 1 Correlation between splenectomy, infection risk and overwhelming sepsis was first reported over 50 years ago. 2 The incidence of post{splenectomy sepsis has been investigated and at{risk patients stratified. Lowest infection rates have been reported in traumatic splenectomy patients and the highest in those with haematological disorders. 3 Given the overall significant risk of post{splenectomy sepsis, all such patients receive prophylaxis irrespective of the surgical indication. Current guidelines include antibiotic prophylaxis, immunization against pneumococci, meningococci, haemophilus influenza and flu vaccine. Patients need urgent hospital admission if overcome by serious infection and carry health warnings. 4 These necessary steps have an obvious impact on their lifestyle. Splenectomy used to be the only surgical option for trauma patients suffering splenic injuries. In the past two decades the concept of spleen conservation has been widely accepted in selected patients and positive outcomes are reported. 5, 6 However patients with severe parenchymal tears, active intraabdominal bleeding and complete splenic fragmentation will still require surgery and often will need a splenectomy. 7 In this review we studied the role of splenosis and spleen autotransplantation in patients who suffer splenic trauma and their possible protective role on post{ splenectomy sepsis.
Methods
Peer{reviewed publications in the English language were sought on PubMed from 1950 to present day using the following keywords: spleen, splenectomy, spleen preservation, splenosis, splenunculi and transplantation.
Splenosis and splenunculi
The term splenosis was first described by Buchbinder and Lipkoff in 1939. 8 Heterotopic autotransplantation of splenic tissue or splenosis occurs when cells from a damaged spleen seed elsewhere on the peritoneal surface and grow into nodules of differentiated splenic tissue with varying size. 9 A fully regenerated orthotopic spleen was incidentally found in a previously splenectomized patient during surgery for intra{ abdominal sepsis of diverticular origin. 10 Splenic nodules have been reported elsewhere in the body. [11] [12] [13] Such incidental findings have often been misdiagnosed as endometriosis, primary tumours or metastatic deposits. [14] [15] [16] The true incidence of splenic regeneration or splenosis is currently unknown. High rates of splenic regeneration, up to 66%, have been reported in traumatic splenectomy cases. 17 Many authors note that splenosis usually occurs in post-traumatic splenectomy cases.
Splenunculi are accessory splenic nodules found in healthy individuals and derive their blood supply from branches of the splenic artery. Their incidence is thought to be over 10% 18 and they have been reported to be involved in haematological disorders along with the spleen. Accessory spleens can enlarge following splenectomy and be the source of recurrent symptoms in those operated on for haematological disorders.
Spleen transplantation
Heterotopic splenic transplantation has successfully been performed in trauma patients where spleen salvage was not possible. The evidence for this treatment and its functionality is limited. Studies performed in mice may not necessarily be relevant to humans.
The largest clinical review, by Pisters et al., 19 presented eight studies. Only one included up to 43 patients, 20 another had 16 paediatric cases 21 and the remaining had less than 10. Authors transplanted between 20 g and 100 g of splenic tissue per patient in small tissue fragments. Splenic transplantation was performed safely and morbidity was minimal. The preferred recipient site was the omentum. Reported postoperative findings included a reduction in thrombocytosis, increased levels of immunoglobulin M, loss of Howell Jolly bodies and red{pitted cells. Radionuclide scintiscans demonstrated positive uptake by the transplanted splenic tissue. Although spleen regeneration was reported, the functional significance of these autografts and their ability to provide a host immune response against overwhelming infection was not tested.
Leemans et al. 22 compared the immune response in 10 patients who underwent splenectomy followed by autotransplantation with 14 patients who underwent splenectomy alone. All patients were inoculated 6 months later with pneumococcal vaccine. Their results demonstrated that eight of the 14 non{transplanted patients developed areas of splenosis with an associated degree of immune response. Autotransplanted patients had an improved immunoglobulin M response to pneumococcal vaccine polysaccharide capsular serotypes 1 and 14 and equal response to serotypes 3 and 4, compared to those with splenosis per se. Splenectomized patients with neither splenosis nor transplantation showed no response at all. These results suggest that splenic regeneration through any mechanism may offer some benefit in this group of patients.
Morphology of splenic regeneration
Following spleen transplantation, the process of tissue regeneration follows a sequence of events, well described by Holdsworth and Tavassoli:
(1) Tissue necrosis within 4 days of autotransplantation;
(2) Regeneration of outer tissue layer and differentiation of connective tissue into splenic reticular cells; (3) Vascular re{growth within 8 days with lymphocytes around primitive vessels; (4) White pulp differentiation within 5 weeks.
Regenerated areas appear histologically normal, with distinct areas of red and white pulp and surrounded by connective tissue and a good blood supply. 23, 24 
Assessment of splenic function after splenectomy
Haematological parameters and imaging tests are available to assess splenic function. However, none can reliably diagnose the return of normal splenic function. Haematological tests that indicate hyposplenism include: increased pitted red cell count (red blood cells with membrane abnormalities); the presence of Howell Jolly body (persistent nuclear fragments in red blood cells); monocytosis; lymphocytosis and thrombocytosis; decreased IgM; properdin; tuftsin; and opsonin. 25, 26 Howell Jolly body count is less sensitive as it may not be detectable if pitted cell counts are between 4-8%, as in mild hyposplenism. 27 Pitted cell counts above 8% are always associated with the presence of Howell Jolly bodies and both are indicative of a lack of splenic function. 28 Reduced tuftsin activity has been shown to significantly correlate with high pitted cell counts after splenectomy. Likewise an increase in tuftsin activity after splenectomy has been found to correlate with residual splenic function. 27 Imaging tests are available to detect splenic function. Abdominal ultrasonography and computed tomography are readily available diagnostic tests. They cannot however thoroughly assess the nature of accessory spleens which can resemble tumours of adjacent organs or metastases. 29 Radionuclide scan with technetium (Tc 99m) is a highly specific investigation which can identify an accessory spleen in splenectomized patients but is not always readily available as well as being time{ consuming. A further limitation of this scan is hepatic uptake of technetium, which can obscure the presence of splenic foci in the upper abdomen. 30 Colour Doppler and power Doppler ultrasonography have been used to detect accessory Journal of the Royal Society of Medicine spleens and characterize their vascular hila. Splenic artery Doppler sonography has been shown to detect areas of splenosis and splenic grafts. Its principle is based in the measurement of vascular resistance (RI) of the splenic artery as described by Herneth et al. 31 It can reliably confirm standard ultrasound findings suggestive of splenosis, where RI values, in the presence of splenosis, are similar to non{splenectomized patients. Following splenectomy, without splenosis, RI values are higher. This test relies on accessory spleen fragments whose supply comes from the splenic artery, as is the case with splenunculi. There is no evidence that this method may detect areas of splenosis, elsewhere in the abdomen with alternative blood supplies.
Discussion
A recent study of 1648 patients identified trauma as the second commonest cause of splenectomy after elective removal for haematological disorders. Patients with trauma had the lowest incidence of first severe infection at 3.12 per 100 person{years compared with 13.3 per 100 person{ years in those undergoing splenectomy for haematological malignancy. The overall risk of infection and death was reported to be highest within the first three years following splenectomy and the majority of repeated severe infections occurred within 6 months in those who had a first severe infection. 32 In another study, involving 1490 patients, those undergoing splenectomy for any cause had a 12.6-fold increased risk of developing late septicaemia compared with the general population. This risk dropped to 8.6-fold for splenectomy following trauma. 33 The relatively low risk of sepsis in traumatic splenectomy patients may be explained by the development of splenic tissue. This can happen through splenosis (autotransplantation of splenic tissue), hypertrophy of previously undetected accessory spleens or splenunculi, and surgical transplantation of fragments from a damaged spleen. Emergency splenectomy is invariably a rushed procedure because of active intra{peritoneal haemorrhage from the spleen. In non{salvageable cases, securing the hilar vessels while the operative field is suboptimal because of ongoing bleeding may result in retention of some splenic hilar tissue which may regenerate under favourable conditions. 10 Autotransplantation occurs when dissipated viable splenic tissue lodges and regenerates elsewhere in the peritoneal cavity. Since splenosis usually takes place in traumatic splenectomy patients we speculate that this may have some actual protective effect in this group of patients. Splenic transplants and enlarged splenunculi may similarly provide immunte protection against sepsis. If such newly{ formed fragments of splenic tissue were as efficient as a healthy spleen, patients would no longer need antibiotic prophylaxis and could be reassured that they are at no greater risk than the general population for overwhelming infection.
It is unclear how much splenic tissue, whether splenosis, splenunculi or surgically transplanted spleen fragments, is necessary to protect splenectomized patients from infection and overwhelming sepsis compared to healthy individuals. Corazza et al. reported a strong correlation between post{ splenectomy splenic tissue volumes and pitted red values. 34 Their data suggested that 20-30 cm 3 of splenic tissue was the critical value above which pitted cell counts fell below 16%. However, only one case report described a patient who survived pneumococcal sepsis; previously autotransplanted splenic fragments had grown up to five{fold. 35 While spleen preservation following splenic injuries in selected patients translates into a reduction in the total number of splenectomies for trauma, there is still a group of patients who will require splenectomy. These patients are advised that even with vaccination and antibiotic prophylaxis, in the event of feeling unwell or febrile, they must consult a physician. The economic implications to society, the patient as well as the issue of taking long{term prophylactic medication is not insignificant. Although no data exist as to the psychological burden this confers it is surely considerable. At present, further research including follow-up, haematological testing and imaging of larger series of splenectomized patients, following trauma, should be the first step in defining the true role of splenosis. Determination of overall functionality of a neoformed spleen through simple but reliable tests would naturally be the next step. Until this functionality can be assessed splenic regeneration will remain an interesting pathological aside whose benefit to patients remains an enigma and societal value unexploited.
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